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1.  Overview 


Analysis  of  breath  for  alcohol1  has  been  practiced  for  the  clinical 
diagnosis  of  intoxication  for  more  than  60  years  and  has  been  used 
in  connection  with  traffic  law  enforcement  for  about  50  years. 
Forensic  breath-alcohol  analysis  is  the  most  frequently  performed 
and  the  most  widely  employed  forensic  science  procedure.  A 
substantial  body  of  technology  has  been  developed  on  breath- 
alcohol  testing  and  has  been  applied  to  the  prevention  and  reduc- 
tion of  alcohol-related  motor  vehicle  deaths,  injuries,  and  property 
damage  by  detecting  and  deterring  alcohol-impaired  drivers.  At 
present,  that  technology  has  the  following  applications: 

• Breath-alcohol  analysis 

— Quantitative  evidential  tests  (direct  and  delayed) 

— Screening  tests 

• Passive  alcohol-screening  tests 

• Automobile  ignition  interlocks 

A massive  body  of  literature  about  alcohol  and  highway  safety 
exists  and  has  been  reviewed  at  frequent  intervals  (e.g.,  U.S. 
Department  of  Transportation  1985a;  Turner  et  al.  1985;  Transpor- 
tation Research  Board  1987;  Jones  and  Lacey  in  press).  There  are 
also  recent  comprehensive  reviews  of  aspects  of  alcohol  analysis 
applied  to  traffic  law  enforcement  (Dubowski  1986;  Jones  1989). 
Experimental  and  epidemiologic  studies  of  alcohol-induced  driver 
impairment  and  alcohol-involved  automobile  crashes  have  estab- 
lished a large  and  sound  database  correlating  the  breath-alcohol 
concentration  of  drivers  with  driving  performance,  impairment, 
and  crash  involvement  (Borkenstein  et  al.  1974;  Turner  et  al.  1985). 
It  is,  therefore,  feasible  and  it  is  common,  accepted  practice  to 
interpret  quantitative  evidential  breath-alcohol  analysis  results  in 
terms  of  the  tested  subject's  capability  to  operate  a motor  vehicle 
safely. 

1The  unmodified  term  "alcohol"  in  this  publication  refers  to  ethanol. 
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There  is  substantial  consensus  in  the  scientific  community  on 

the  following  characteristics  of  breath-alcohol  analysis: 

1 . End-expiratory  breath  is  the  recognized  specimen  of  choice. 

2 . Identification  and  quantitation  of  alcohol  is  universally  carried 
out  by  dedicated  instrumental  means,  using  chemical  reac- 
tions or  chemical  or  physical  measurements,  or  a combination 
thereof. 

3.  When  alcohol  is  present  in  breath,  it  is  by  far  the  predominant 
exogenous  substance,  and  its  concentration  exceeds  those  of 
other  volatile  organic  substances  of  endogenous  or  exogenous 
origin  by  many  orders  of  magnitude. 

4.  Established  scientific  safeguards  (e.g.,  a 15-minute  pretest 
"deprivation  period"  and  use  of  control  tests)  are  necessary  to 
assure  the  validity  and  the  legal  admissibility  and  acceptabil- 
ity of  the  results  of  breath-alcohol  analysis  when  carried  out  for 
forensic  purposes. 

5.  Current-generation  breath-alcohol  analyzers  generally  have 
excellent  accuracy,  precision,  sensitivity,  and  selectivity  or 
specificity  for  ethanol  in  gaseous  or  vapor  specimens  such  as 
breath. 

6.  Breath-alcohol  testing  is  noninvasive  and  requires  minimal 
cooperation  from  the  subject. 

7.  Breath-alcohol  analysis  can  be  performed  immediately  upon 
collection  of  breath  specimens  ("direct  analysis"),  or  equally 
validly  at  another  location  upon  retained  specimens  of  breath 
or  the  alcohol  contents  thereof  ("remote  collection"  or  "de- 
layed analysis"). 

8.  The  concentration  of  alcohol  in  end-expiratory  breath  (BrAC) 
accurately  reflects  the  acute  body  burden  of  alcohol  and  the 
alcohol  concentration  of  the  pulmonary  blood  circulation;  the 
BrAC  can,  therefore,  be  appropriately  interpreted  with  respect 
to  absence  or  existence  and  degree  of  alcoholic  intoxication  or 
impairment  of  the  tested  person  at  the  time  of  breath  sampling. 

9 . Breath-alcohol  analysis  is  subject  to  both  purely  analytical  and 
biological  factors  and  considerations,  such  as  the  effects  of 
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breath  parameters;  all  of  these  factors  have  been  extensively 
studied  and  are  well  understood  by  experts  in  this  field. 


Hundreds  of  methods  for  analysis  of  alcohol  in  breath  speci- 
mens and  dozens  of  dedicated  devices  have  been  developed  and 
marketed  for  this  purpose  over  the  past  50  years,  but  all  special- 
ized breath-alcohol  analyzers  in  current  use  in  North  America 
employ  one  of  five  basic  principles  for  detection  and  quantitation 
of  alcohol.  Those  principles  and  representative  examples  of 
commercial  devices  using  them  are  listed  in  Table  1,  together  with 
their  major  characteristics. 

2.  Breath- Alcohol  Analysis 


The  common  elements  in  all  procedures  for  detecting  and  measur- 
ing alcohol  in  breath  are  sampling,  analysis,  and  result  indication. 
These  elements  have  been  combined  in  hundreds  of  variations  in 


Table  1 . Principles  and  Devices  for  Breath -Alcohol  Analysis 


Principle 

Typical  Commercial  Device 

Features 

Chemical  oxidation 
and  photometry 

Breathalyzer®  Models  900, 900A 

4 

Electrochemical 
oxidation/fuel  cell 

Alco-Sensor  II,  III 

2,5,7 

Gas 

chromatography 

GC-Intoximeter  Mark  IV 

2,3 ,5,6 

Infrared 

BAC  Data  Master 

1,2,3 ,5 

spectrometry 

Intoxilyzer  Models  1400, 5000 

1,2,3 ,5 

Solid  state 

(semiconductor) 

sensing 

A.L.E.R.T.  Model  J4 

2,5,7 

Features:  1 = Automatic  purge  and  zero 

2 = Digital  result  readout 

3 = Integral  printer 

4 = Liquid  reagents 

5 = Reagentless 

6 = Compressed  gas  required 

7 = Battery  operated 
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developing  practical  methods  and  devices  for  breath-alcohol 
analysis.  Only  quantitative  evidential  breath-alcohol  analysis  will 
be  considered  in  detail  in  this  publication. 

Physiological  Aspects 

Alcohol  is  transferred  across  biological  membranes  by  passive 
diffusion  until  concentration  equilibrium  is  attained,  with  ultimate 
but  temporary  storage  of  alcohol  in  all  body  water  compartments. 
Thereafter,  the  distribution  process  is  reversed  as  metabolism  and 
other  forms  of  elimination  reduce  the  alcohol  content  of  the  body 
to  zero.  Alcohol  absorbed  from  the  gastrointestinal  tract  is  carried 
via  the  bloodstream  to  the  heart,  and  thence  distributed  via  the 
arterial  circulation  to  all  parts  of  the  body,  including  the  brain  and 
lungs.  Consequently,  the  alcohol  concentration  of  blood  supplying 
the  brain  is  substantially  the  same  as  that  reaching  the  lungs. 

Alcohol  and  other  volatile  substances  contained  in  a liquid 
phase  (such  as  water  or  blood  plasma)  in  contact  with  a gas  or 
vapor  phase  (such  as  air  or  breath)  in  a functionally  closed  system 
are  partitioned  between  these  phases  according  to  the  concentra- 
tion in  the  liquid  phase  and  the  temperature  of  the  system,  in  the 
absence  of  other  factors  such  as  ionizable  additives  in  the  liquid 
phase.  The  in  vitro  relationship  is  commonly  expressed  in  accor- 
dance with  Henry's  Law  which,  in  essence,  states  that  the  alcohol 
concentration  of  the  gas  or  vapor  phase  at  constant  temperature  is 
solely  a function  of  the  alcohol  concentration  of  the  liquid  phase. 

The  in  vivo  situation  is  somewhat  more  complex,  and  the 
ultimate  concentration  of  alcohol  in  the  alveolar  breath  is  modified 
by  various  factors.  The  main  initial  determinant  is  still  the  alcohol 
concentration  of  the  plasma.  However,  the  "system"  temperature 
is  not  identical  and  static  in  all  persons.  The  vapor  concentration 
of  alcohol  increases  or  decreases  by  about  6.8  percent  per  1 °C  rise 
or  fall  in  system  temperature.  The  increase  or  decrease  is  about  the 
same  for  core  body  temperature  changes  in  the  physiological  range 
(Dubowski  1979;  Fox  and  Hayward  1987,  1989;  Schoknecht  and 
Kophamel  1988).  The  relative  water  contents  of  the  various  liquid 
phase  components  also  affect  the  vapor-alcohol  concentration. 
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because  alcohol  is  more  soluble  in  water  than  in  lipids  and  other 
substances.  Hence,  alcohol-containing  blood  with  an  abnormally 
low  hematocrit  value  yields  a higher  alveolar  air-alcohol  concen- 
tration than  does  normal  blood. 

The  initial  air-alcohol  concentration  of  the  alveolar  air  is  modi- 
fied during  exhalation  by  gradual  temperature  reduction  of  the 
expired  breath  sample  from  its  initial  normal  body  core  tempera- 
ture of  about  37.5  °C  or  38  °C  to  the  typical  breath  exit  temperature 
of  about  34.6  °C  (Dubowski  and  Essary  1985),  and  by  repeated 
reequilibration  of  the  alcohol  of  the  breath  with  that  of  the  fluids 
lining  the  respiratory  tract  during  expiration  (Dubowski  1975). 
Breathing  patterns  and  various  instrumental  characteristics,  such 
as  the  back-pressure  at  the  breath-inlet,  can  also  affect  the  final 
alcohol  concentration  of  an  expired  breath  specimen. 

These  considerations  lead  to  the  conclusion  that  the  actual 
breath-alcohol  concentration  (Br  AC)  can  be  measured  very  accu- 
rately and  reliably  under  the  circumstances  prevailing  in  traffic 
law  enforcement  without  the  need  or  desirability  of  converting 
to  blood-alcohol  concentrations2  (Mason  and  Dubowski  1974, 
1976). 

Sampling  Aspects 

The  ideal  specimen  for  breath-alcohol  analysis  is  expired  alveolar 
air  that  was  originally  in  alcohol  equilibrium  with  the  pulmonary 
blood  (or,  strictly,  its  plasma)  suffusing  the  alveolar  beds.  Breath 
components  present  in  low  concentrations,  such  as  alcohol,  tend 
to  reach  a concentration  "plateau"  (which  may  not  be  perfectly 
horizontal)  after  about  two-thirds  of  a full  breath  has  been  exhaled 
(Dubowski  1974, 1975).  However,  in  forensic  breath-alcohol  test- 
ing, the  available  breath  volume,  or  the  vital  capacity,  of  the  test 
subject  is  unknown.  Common  practice  is,  therefore,  to  discard  the 
initial  portion  of  a continuous  full  exhalation,  and  to  collect  the  last 

2It  should  also  be  noted  that  while  the  blood  sampled  for  enforcement  purposes  is 
necessarily  venous,  it  is  the  arterial  blood  reaching  the  brain  that  brings  about  alcohol- 
related  impairment,  and  it  is  the  arterial  blood-alcohol  concentration  that  is  closely 
correlated  with  the  breath-alcohol  concentration. 
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portion,  the  so-called  end-expiratory  breath.  To  make  it  probable 
that  the  collected  sample  did  come  from  the  last  one-third  of 
the  available  breath,  the  collected  volume  is  usually  limited  to 
250  mL  or  less,  often  1 mL  to  80  mL,  which  will  accomplish  the 
desired  goal  for  most  of  the  test  population  (Dubowski  and  Essary 
1985). 

The  collection  process  should  result  in  as  little  alteration  of  the 
specimen  as  is  feasible.  In  particular,  temperature  reduction  must 
be  avoided  to  prevent  condensation  of  the  water  vapor  component 
of  the  breath,  with  consequent  loss  of  alcohol  through  its  solubility 
to  water.  Other  losses  of  breath  components  through  diffusion, 
evaporation,  or  chemical  change  during  collection  or  temporary 
storage  must  be  prevented.  Excessive  back-pressure  or  resistance 
to  the  breath  flow  must  be  avoided.  These  requirements  are  met  in 
practice  by  instrument  designs  that  use  nonpermeable  breath 
intake  tubes  and  sample  chambers  maintained  at  constant  tem- 
perature, typically  between  45  °C  and  50  °C.  Protection  of  the 
specimen  from  contamination  in  the  oral  cavity  (e.g.,  by  "mouth- 
alcohol"  residues  from  recent  ingestion,  emesis,  or  regurgitation) 
is  also  important.  When  a measured  or  fixed  volume  of  breath  is 
collected  and  analyzed  at  ambient  pressure,  its  alcohol  concentra- 
tion is  independent  of  the  barometric  pressure  (Mason  1974). 
These  and  other  aspects  of  breath  sampling  have  been  reviewed 
(Mason  and  Dubowski  1988;  Jones  1990). 

Two  different  approaches  to  breath  sampling  predominate  in 
commercial  instruments.  The  older  approach  uses  the  heated, 
metal  piston-cylinder  type  of  sample  chamber  found  in  manual 
Breathalyzers®,  which  first  entered  the  market  in  1954.  It  traps  a 
fixed  volume  (52.5  mL)  of  end-expiratory  breath  in  the  chamber 
and  delivers  the  entire  sample  as  a bubble  stream  to  a test  ampoule 
through  the  action  of  a descending  weighted  piston.  This  arrange- 
ment collects  only  the  terminal  portion  of  whatever  breath  trav- 
erses the  vertical  cylinder;  excess  breath  exits  through  ports  near 
the  top  of  the  chamber.  If  the  subject  has  exhaled  completely  and 
continuously  into  the  device,  as  monitored  by  the  test  operator, 
end-expiratory  breath  is  consistently  obtained  without  special 
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effort.  The  breath  flowpath  configuration  and  the  fixed  weight  of 
the  piston  lifted  by  incoming  breath  to  a detent  position  provide  a 
constant  resistance  to  breath  inflow  and  thus  contribute  to  the 
consistency  of  breath  sampling  in  different  subjects. 

The  other  widespread  sampling  approach  uses  a horizontal 
heated  sample  chamber  of  fixed  dimensions  and  volume,  with 
valved  inlet  and  outlet.  Optical  windows  in  the  end  walls  of  the 
chamber  allow  infrared  light  to  pass  through  the  fixed  sample 
path  for  spectrometric  measurement  of  the  alcohol  concentration 
of  the  chamber  contents.  Such  a chamber  is  always  filled  by  a gas 
or  vapor  sample,  be  it  room  air,  breath,  or  a calibration  or  control 
sample.  Excess  breath  is  vented  to  the  outside  through  the 
chamber  outlet.  The  configuration  of  flowpath  and  mechanical 
components  provides  a constant  resistance  to  the  breath  inflow. 
The  instruments  include  sensors  and  signal  processing  arrange- 
ments that  assess  the  quality  and  composition  of  the  sample 
chamber  contents  or  of  the  incoming  breath  sample  portion  and 
determine,  by  preestablished  criteria,  when  an  acceptable  breath 
sample  has  been  obtained. 

Various  measurements  and  control  schemes  are  employed  in 
different  instruments.  They  include  pressure,  flow,  and  tempera- 
ture sensing  of  breath;  minimal  breathflow  duration  at  minimal 
pressure;  minimal  discard  volume;  and  other  means  of  character- 
izing and/or  controlling  the  incoming  sample.  Interruptions  and 
other  irregularities  in  sample  delivery  cause  rejection  of  the  sample 
and  abort  the  analysis  cycle.  A continuous  infrared  light  signal 
allows  a series  of  instantaneous,  very  frequent  measurements  of 
the  alcohol  concentration.  This  provides  an  additional  means  of 
monitoring  breath  sample  composition  and  sensing  the  achieve- 
ment of  near-constant  composition  of  the  sample  chamber  con- 
tents. For  example,  the  rate  of  change  of  the  vapor-alcohol  concen- 
tration per  unit  time  (typically  milliseconds)  can  be  monitored  in 
the  sample  chamber  as  the  electronically  measured  first  derivative 
of  the  rate  of  change  (which  is  zero  when  there  is  no  change).  When 
the  concentration  has  stabilized,  as  indicated  by  an  acceptable 
minimal  rate  of  change,  breath  flow  is  stopped,  and  the  analysis 
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proceeds.  The  terms  "ramp  measurement"  or  "slope  detection" 
apply  to  such  techniques. 

This  approach  also  allows  detection  of  "mouth-alcohol"  con- 
tamination of  the  incoming  sample,  or  other  nonphysiological 
conditions.  In  normal  uncontaminated  specimen  flow,  the  alcohol 
concentration  rises  over  time  in  a smooth  characteristic  pattern 
until  the  concentration  becomes  asymptotic  or  the  incremental 
increase  becomes  minimal.  In  contrast,  contamination  from  the 
oral  cavity  imparts  disproportionate  alcohol  to  the  breath  initially, 
causing  a rapidly  rising  alcohol  concentration  during  the  first  few 
seconds  of  an  exhalation,  followed  by  a steady  or  erratic  decline  to 
zero  or  to  the  baseline  concentration.  Such  samples  are  readily 
recognizable  by  electronically  monitoring  the  infrared  signal  out- 
put or  by  watching  the  rapidly  changing  numerical  display  of  the 
sample  alcohol  concentration  in  the  instrument's  digital  result 
display.  The  test  is  then  automatically  or  manually  terminated. 
Figure  1 schematically  represents  this  process. 

Replication  is  an  accepted  step  in  quality  assurance  (QA)  of 
chemical  analysis  methods,  usually  by  repeated  analysis  of  sepa- 
rate aliquots  from  a single  original  specimen.  Duplicate  or  more 
frequent  analysis  of  separately  collected  samples  from  the  same 
source  adds  an  additional  QA  element,  especially  with  biological 
systems.  Collection  of  at  least  two  separate  breath  specimens  and 
their  sequential  analysis  has,  therefore,  become  an  accepted  prac- 
tice. It  facilitates  detection  of  contaminated  breath  specimens,  or 
demonstrates  that  the  individual,  uncontaminated  breath  speci- 
mens possess  acceptably  uniform  biological  and  chemical  charac- 
teristics. Extensive  studies  have  demonstrated  that  duplicate 
alcohol  analyses  on  separate  consecutive  breath  samples  can  be 
expected  to  yield  BrAC  results  corresponding  within  0.009  g/210  L 
for  95  percent  of  such  results  (Dubowski  and  Essary  1987).  The 
National  Safety  Council's  Committee  on  Alcohol  and  Other  Drugs 
has,  therefore,  adopted  a position  that  "at  least  two  separate 
breath  samples  should  be  collected  and  analyzed  individually 
in  performing  any  quantitative  evidential  breath-alcohol  analy- 
sis..." (Dubowski  1988,  p.  272).  The  position  statement  also 
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Figure  1 . Schema  of  the  time  course  of  the  breath-alcohol 
concentration  of  single  uninterrupted  breath 
samples  monitored  by  infrared  spectrometry: 

A = Uncontaminated  expired  alveolar  breath 
B = Breath  contaminated  with  "mouth  alcohol" 


suggests  that  the  collection  interval  between  samples  be  2 to  10 
minutes  and  that  consecutive  BrAC  results  within  0.02  g/210  L be 
deemed  to  be  in  acceptable  agreement. 

The  great  majority  of  breath-alcohol  analyses  are  performed 
on  breath  collected  at  the  analysis  site  and  analyzed  immediately 
with  a single  dedicated  instrument.  It  is  also  feasible  to  collect  and 
store  whole  breath  specimens,  or  the  alcohol  content  of  fixed 
breath  volumes,  and  then  to  carry  out  the  alcohol  analysis  at  a 
different  time  and  place,  usually  in  a laboratory  environment. 
Such  schemes  are  known  as  remote  sampling  or  delayed  analysis. 
Alcohol  from  fixed  volumes  of  breath  can  also  be  stored  on  various 
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sorbent  materials,  such  as  molecular  sieves,  silica  gel,  calcium 
sulfate,  magnesium  perchlorate,  and  others.  The  breath  sample  is 
passed  through  a bed  of  the  granular  sorbent  held  in  a glass  tube, 
the  tube  is  sealed,  and  the  device  is  forwarded  to  a laboratory  for 
later  analysis.  The  alcohol  is  held  on  or  in  the  sorbent  by  physical 
adsorption  or  in  chemical  combination.  It  is  subsequently  recov- 
ered from  the  sorbent  by  elution  with  hot  air  or  water,  and 
quantitated  by  chemical  reactions  or  physical  methods,  most 
commonly  gas  chromatography  (Dubowski  1980a,  1981). 

Direct  and  delayed  analyses  of  389  pairs  of  split  breath  speci- 
mens yielded  differences  (mean  ± S.D.)  of  -0.0046  ± 0.0059  g/ 
210  L over  a concentration  span  of  0 g/210  L to  0.17  g/210  L when 
the  respective  methods  were  infrared  spectrometry  with  a Model 
4011  Intoxilyzer  and  automated  gas  chromatography  (Dubowski 
and  Essary  1982).  Paired  breath-alcohol  analyses  (n=369)  by  direct 
gas  chromatography  and  by  sorption  on  molecular  sieves,  elution, 
and  automated  gas  chromatography  yielded  differences  (mean  ± 
S.D.)  of  0.00032  ± 0.0041  g/210  L over  a concentration  span  of 
0.04  g/210  L to  0.17  g/210  L (Dubowski  and  Essary  1980). 

Analysis 

Chemical  Oxidation  and  Photometry 

Chemical  oxidation  and  photometry  is  the  oldest  principle  for 
breath-alcohol  analysis  still  in  use.  Its  practical  implementation  is 
now  limited  to  devices  in  which  breath  is  delivered  into  a liquid 
reagent  containing  potassium  dichromate  and  metallic  catalysts  in 
a sulfuric  acid  solution.  Oxidation  of  the  alcohol  to  acetic  acid 
produces  a proportional  change  in  reagent  color  from  its  original 
yellow  to  various  shades  of  yellow-green  or  green.  The  change  is 
measured  by  an  integral  filter  photometer,  and  the  result  indicated 
on  an  analog  alcohol-concentration  scale  or  by  a digital  result 
display.  Manual  Breathalyzers®  are  the  prototype  devices  using 
this  analytical  principle,  and  they  were  the  dominant  and  most 
widely  used  breath-alcohol  analyzers  for  more  than  20  years 
following  their  introduction  in  1954  (Figure  2). 

Alcohol  analysis  by  chemical  oxidation  plus  photometry  is 
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MOUTHPIECE 


Figure  2.  Schematic  diagram  of  the  breath  collection  arrangement 
of  a Breathalyzer®  quantitative  evidential  breath-alcohol 
analyzer.  Courtesy  of  National  Draeger,  Inc.,  Pittsburgh,  PA. 
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very  accurate  and  precise,  sensitive  and  highly  selective  for  etha- 
nol, insensitive  to  acetone  and  most  other  volatile  compounds 
during  the  fixed  analysis  time,  and  thus  essentially  specific  for 
ethanol  in  breath.  The  breath  sample  volume  analyzed  is  52.5  mL. 
Blank  values  are  consistently  low  (i.e.,  0.001  g/210  L to  0.003  g/ 
210  L)  and  are  compensated  for  by  the  result  scale.  Typical 
performance  of  manual  Breathalyzers®  in  the  analysis  of  vapor- 
alcohol  samples  generated  by  controlled  simulator  tests  (Dubow- 
ski  1979)  is  shown  in  Table  2.  The  data  show  no  analytical  bias  (i.e., 
systematic  error)  at  the  tested  target  concentration,  and  they  dem- 
onstrate high  precision.  When  split  breath  specimens  were  ana- 
lyzed by  Breathalyzers®  and  by  automated  gas  chromatography 
after  sorption /desorption  on  calcium  sulfate  as  a reference  method, 
the  following  results  were  obtained.  In  paired  analyses  (n=703), 
differences  were  (mean  ± S.D.)  0.00063  ± 0.0075  g/210  L over  a 
span  of  0.03  g/210  L to  0.17  g/210  L (Dubowski  1981).  Results  of 
replicate  analyses  for  alcohol  in  separate  consecutive  breath  speci- 
mens with  an  analyzer  in  this  category  are  shown  in  Table  3. 

The  longevity  of  the  Breathalyzer®  and  the  survival  of  chemi- 
cal oxidation  as  an  analytical  principle  for  breath-alcohol  analysis 


Table  2.  Accuracy  and  Precision  of  Representative  Breath -Alcohol 
Analyzers:  In  Vitro  (Simulator)  Tests* 


Vapor- Alcohol  Concentration  (g/210  L) 


Device 

No.  of 

Replicate  Target 
Tests  Value 

Result 

Mean 

S.D. 

c.v. 

Span 

Breathalyzer®, 
Model  900A 

20 

0.100 

0.099 

±0.0015 

1.5% 

0.098-0.103 

GC-lntoximeter,36 
Mark  IV 

0.100 

0.099 

±0.0013 

1.3% 

0.097-0.102 

BAC 

DataMaster 

25 

0.100 

0.097 

±0.0015 

1.5% 

0.096-0.101 

Intoxilyzer 

5000-D 

45 

0.100 

0.100 

±0.0012 

1.2% 

0.098-0.102 

’Author's  experimental  data 
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Table  3.  Precision  of  Representative  Duplicate  Analyses  of  Two 
Separate  Consecutive  Breath  Samples 


Breath -Alcohol  Concentration 
Differences  (g/210  L) 


Device 

No.  of 

Duplicate 

Pairs 

Mean 

S.D. 

Span 

Breathalyzer®, 
Model  900A 

145 

0.0045 

±0.0037 

0-0.017 

GC-Intoximeter, 
Mark  IV 

140 

0.0030 

±0.0032 

0-0.018 

Intoxilyzer, 
Model  4011 

570 

0.0034 

±0.0030 

0-0.017 

Source:  Dubowski  and  Essary  1987 


are  largely  attributable  to:  (1)  the  Breathalyzer®  's  superior  means 
for  breath  sampling  by  collection  of  end-expiratory  breath  with 
minimal  subject  cooperation,  using  a piston-and-cylinder  collec- 
tion and  delivery  system;  and  (2)  the  lack  of  response  of  the  acid- 
dichromate  method  of  chemical  oxidation  to  acetone  and  most 
other  alleged  interferants  under  these  conditions  of  analysis.  The 
instrument  destroys  the  alcohol  content  of  the  breath  sample  in  the 
course  of  analysis.  However,  its  sampling  arrangement  can  be 
used  to  collect  and  deliver  a duplicate  breath  sample  (or  its  alcohol 
content)  to  a storage  device.  Conducting  a Breathalyzer®  test  is 
more  complex  and  time  consuming  (typically  7-  to  8-minute 
turnaround  time)  than  tests  with  an  automated  IR  analyzer;  and 
the  test  and  its  results  are  more  operator-dependent  for  correct 
and  properly  sequenced  purging,  breath  sampling,  and  analysis. 

Overall,  chemical  oxidation  and  photometry  by  means  of 
manual  devices  continues  to  be  a practical,  effective,  valid,  and 
highly  reliable  method  for  breath-alcohol  testing.  It  is  best  suited 
to  low  test-volume  locations  or  test  sites  that  have  irregular  pat- 
terns of  test  activity,  because  the  equipment  and  the  very  stable 
reagents  can  be  kept  on  standby  status  indefinitely  and  can  be 
activated  rapidly  for  intermittent  use. 
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Electrochemical  Oxidation/Fuel  Cell 

Alcohol  analysis  by  electrochemical  oxidation  is  an  offshoot  of  the 
development  of  fuel  cells  as  electrical  power  sources  for  aerospace 
and  other  technological  applications.  A fuel  cell  is  basically  an 
electromechanical  device  for  continuously  converting  a fuel  and  an 
oxidant  into  direct  current.  Typically,  it  consists  of  two  or  more 
conductor  electrodes  separated  by  an  ion-conducting  electrolyte 
layer,  with  provisions  to  move  fuel  and  oxidant  into  the  cell  and 
reaction  products  out  of  the  cell.  The  process  can  be  used  to 
measure  alcohol  in  breath,  using  alcohol  as  fuel  and  atmospheric 
oxygen  as  the  oxidant,  with  an  acid  electrolyte  and  platinum- 
plated  electrodes.  One  monitors  the  electrical  current  generated  by 
electrochemical  oxidation  of  ethanol  to  acetic  acid  via  acetalde- 
hyde as  an  intermediate  in  a four-electron  process,  at  an  electrode 
potential  at  which  neither  reduction  of  oxygen  nor  oxidation  of 
water  occurs  at  any  appreciable  rate.  Under  controlled  conditions, 
the  current  flow  thus  generated  is  proportional  to  the  concentra- 
tion of  alcohol  in  the  breath  sample,  over  the  range  of  interest. 

This  technology  has  been  used  in  breath-alcohol  analysis  for 
about  15  years,  during  most  of  that  time  for  "screening"  or 
prearrest  tests,  and  in  more  recent  years  also  in  quantitative 
evidential  devices  and  passive  sensors.  Fuel  cell-based  alcohol 
analyzers  do  not  respond  measurably  to  acetone,  but  do  poten- 
tially respond  to  methanol,  n-propanol,  isopropanol,  and  acetal- 
dehyde. The  latter  compound  is  present  in  the  breath  in  concen- 
trations too  low  to  affect  results  with  any  breath-alcohol  analyzer, 
and  each  of  the  other  alcohols  is  significantly  more  intoxicating 
than  ethanol.  Chemical  interference  is,  therefore,  essentially 
nonexistent  in  operational  practice.  The  fuel  cells  do  not  respond 
to  organic  hydrocarbon  solvents  often  found  in  industrial  work- 
ing environments  (Jones  et  al.  1985). 

Accuracy  and  precision  of  most  fuel  cell-based  devices  do  not 
match  those  of  manual  Breathalyzers®  or  automatic  IR-based 
devices;  their  specificity  matches  that  of  manual  Breathalyzers®. 
Breath  sample  volume  is  about  1 mL,  and  turnaround  time  for 
a single  analysis  is  about  2 minutes.  Most  of  the  devices  are  small 
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and  easily  portable.  Some  are  easy  to  use  because  they  have  only 
one  control  and  require  little  operator  judgment  or  manipulation 
other  than  the  key  decision  of  when  to  sample  breath  from  a 
continuous  flow  across  the  intake  port.  Limited  battery  power 
of  some  portable  devices  prevents  internal  heating  of  the  breath 
sample  path,  a limitation  for  some  conditions  of  use.  Another 
inherent  limitation  is  the  recovery  time  needed  to  achieve  a 
completely  negative  baseline  reading  after  a positive  test,  typically 
2 to  3 minutes. 

Gas  Chromatography 

Gas  chromatography  (GC)  is  a process  in  which  the  components  of 
a mixture  are  separated  from  one  another  by  introducing  the 
sample,  as  a gas  or  in  other  volatilized  form,  into  a carrier  gas 
stream  passing  through  a packed-  or  open-capillary  glass  or  metal 
column  to  one  or  more  detectors.  The  detector  response  is  an 
electrical  signal  as  a function  of  time.  Under  closely  controlled  and 
reproducible  experimental  conditions,  it  can  be  used  to  identify 
and  quantitate  volatile  or  gaseous  sample  components  by  their 
elution  time  and  by  the  magnitude  of  the  detector  response  in 
comparison  with  standards. 

The  following  are  key  components  of  a practical  gas  chromato- 
graph: 

• A column  contained  in  an  oven  capable  of  closely  maintaining 
or  predictably  changing  column  temperatures 

• A sample  inlet  arranged  for  manual  or  automatic  injections 

• One  or  more  detectors,  usually  paired 

• Electronic  or  electromechanical  devices  for  recording  the  detec- 
tor response  and,  usually,  computing  and  reporting  the  results 

• A compressed  inert  carrier  gas,  such  as  nitrogen,  and  a detector 
fuel  gas,  such  as  hydrogen 

Prototype  gas  chromatographic  breath-alcohol  analyzers  were 
first  developed  25  years  ago,  but  commercial  devices  based  on  the 
GC  principle  have  found  only  limited  field  use.  The  accuracy  and 
precision  of  vapor-alcohol  analyses  with  a chromatographic  breath- 
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alcohol  device  are  shown  in  Table  2.  Results  of  replicate  analyses 
for  alcohol  in  separate  consecutive  breath  specimens  with  an 
analyzer  in  this  category  are  shown  in  Table  3.  Breath  tests  of 
alcohol-free  subjects  are  consistently  completely  negative  for 
alcohol. 

Gas  chromatography  is  inherently  capable  of  great  selectivity 
or  near-specificity  for  particular  analytes.  That  characteristic  also 
holds  true  for  breath-alcohol  tests  performed  with  dedicated  GC- 
based  breath-alcohol  analyzers  within  the  limits  imposed  by  their 
simplified  design.  The  net  effect  is  functional  specificity  for  alcohol 
when  proper  instrument  analysis  parameters  are  maintained.  The 
sample  volume  required  for  an  analysis  with  these  devices  is  very 
small,  typically  0.25  mL.  Hence,  there  are  no  breath  sampling 
limitations  imposed  by  the  analyzer,  although  the  sample  is  de- 
stroyed in  the  analysis  process.  The  instrument  cannot  collect 
breath  specimens  or  their  alcohol  content  for  retention,  but  can 
analyze  breath  samples  previously  trapped  in  indium  capsules  by 
an  accessory.  Turnaround  time  for  consecutive  analyses  is  1 .5  to  2 
minutes  once  the  instrument  has  reached  operating  temperature. 

GC  columns  for  this  application  are  most  commonly  packed 
(filled)  with  an  inert  finely  granular  bed.  This  bed  is  charged  with 
a liquid  or  liquid  mixture  ("stationary  phase")  chosen  for  its 
property  of  predictably  and  reproducibly  interacting  physically 
with  the  analytes  of  interest,  which  are  mixed  with  the  inert  carrier 
("mobile  phase")  gas  as  it  moves  through  the  column  under 
controlled  high  pressure.  A high-pressure  gas  mixture  of  nitrogen 
and  hydrogen  is  used  in  the  leading  GC-based  commercial  breath- 
alcohol  analyzer  as  a combination  carrier  gas  and  fuel  for  the 
simple  flame-ionization  detector  which  is  the  alcohol-sensing 
element  of  the  device. 

Infrared  Spectrometry 

Breath-alcohol  analyzers  employing  infrared  (IR)  spectrometry  as 
the  analytical  principle  have  become  the  most  common  new  or 
replacement  devices  for  law  enforcement  (and  many  clinical  and 
research)  applications.  Infrared  spectrometry  is  basically  a tech- 
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nique  for  measuring  the  extent  to  which  a substance  absorbs 
infrared  radiation  of  specified  wavelength,  frequency,  or  energy. 
IR  absorption  spectrometry  uses  wavelengths  between  770  nm 
and  12,000  nm.  When  a substance  absorbs  IR  radiation,  vibrational 
or  rotational  motion  is  excited  or  intensified  in  the  molecules  of 
that  substance.  Individual  functional  groups  (i.e.,  particular  atom 
combinations  such  as  C-H,  C-C,  CO,  or  OH)  absorb  IR  energy  at 
characteristic  group  frequencies  (or  wavelengths).  These  absorp- 
tion bands  can  be  used  to  identify  and  quantitate  particular  com- 
pounds, including  ethanol,  in  gas  mixtures. 

The  theoretical  consideration  of  chemical  interference  in  any 
such  IR  analysis  by  any  of  thousands  of  compounds  other  than  the 
analyte  of  interest  is  rendered  moot  by  the  fact  that  any  such 
potential  interferant  must  satisfy  a series  of  biological  and  chemi- 
cal conditions  that  are  rarely,  if  ever,  coincident  in  nature.  There- 
fore, in  operational  practice  in  the  breath-alcohol  testing  of  drink- 
ing drivers,  the  universe  of  potential  chemical  interferants  is  so 
limited  that  chemical  interference  is  not  a significant  problem. 

The  important  differences  among  the  various  makes  and 
models  of  IR  breath-alcohol  analyzers  include  variations  in  the 
following: 

• Breath  sample  volume 

• The  means  for  monitoring  breath  sampling  in  progress  and 
accepting  or  rejecting  the  specimen  provided  by  the  test  sub- 
ject 

• The  number  and  wavelengths  (or  frequency)  of  the  IR  absorp- 
tion bands  used  to  identify  and  quantitate  alcohol 

• The  means  used  to  recognize  and  correct  for  acetone  and/ or 
alleged  potential  interfering  substances,  or  to  abort  or  reject 
the  analysis  because  of  presumed  interference 

All  current  IR  devices  have  digital  result  readouts,  printers 
for  chart  or  card  recording  of  results,  internal  pumps,  and  various 
automatic  sequence  controls  (Figure  3).  Among  other  features  of 
various  models  are  provisions  for  trapping  breath  samples,  recir- 
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Figure  3.  Schematic  diagram  of  the  Model  5000  Intoxilyzer 
quantitative  evidential  breath-alcohol  analyzer. 
Courtesy  of  CM  I,  Inc.,  Owensboro,  KY. 
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culation  of  simulator  effluent  for  calibration  or  control  tests, 
internal  optical  filters  used  to  test  the  integrity  and  functioning 
of  the  photometer,  and  diagnostic  software  programs.  Current 
IR  analyzers  require  only  small  breath  samples,  typically  50  mL  to 
100  mL,  which  are  easily  obtainable  from  healthy  adults.  Turn- 
around time  for  an  IR  breath-alcohol  analysis  is  typically  1 minute 
or  less  for  a single  breath  sample. 

Accuracy  and  precision  of  vapor-alcohol  analyses  with  current 
IR  instruments  are  shown  in  Table  2.  Tests  on  alcohol-free  human 
subjects  yield  consistently  negative  results.  The  in  vivo  accuracy  of 
a typical  IR  analyzer  (Intoxilyzer  Model  401  IAS)  in  field  breath- 
alcohol  analyses  has  been  reported.  The  differences  between  143 
direct  breath-alcohol  tests  and  tests  by  automated  GC  analysis 
after  sorption/ desorption  on  silica  gel  were  0.012  ± 0.023  g/210  L 
(mean  ± S.D.)  over  a BrAC  span  of  0.09  g/210  L to  0.29  g/210  L 
(Goldberger  et  al.  1986).  Results  of  replicate  analyses  for  alcohol  in 
separate  consecutive  breath  specimens  with  an  analyzer  in  this 
category  are  shown  in  Table  3. 

The  greatest  differences  between  the  several  IR  breath-alcohol 
analyzers  are  in  their  respective  selectivities  for  ethanol.  By  its 
nature,  infrared  measurement  at  one  wavelength — or  at  any  small 
number  of  IR  absorption  bands — cannot  be  absolutely  specific  for 
any  given  chemical  entity,  including  ethanol.  Thus,  to  differentiate 
between  two  IR-absorbing  components  and  to  quantitate  one  of 
them  correctly  requires  at  least  two  wavelengths  plus,  usually,  a 
third  isosbestic  point  in  the  spectrum.  (An  isosbestic  point  is  one 
of  equal  absorbance  common  to  the  two  components.)  More 
components  require  proportionately  more  wavelengths  for  proper 
differentiation. 

It  follows  that  an  IR  instrument  using  a single  wavelength  for 
quantitation  of  alcohol  in  breath  is  not  specific  for  that  compound 
and  that  selectivity  improves  and  increases  in  proportion  to  the 
numbers  of  analytical  wavelengths  used.  Because  IR  spectro- 
photometry is  a nondestructive  method  of  analysis,  the  alcohol 
content  of  breath  in  an  IR  device  sample  chamber  can  be  readily 
"trapped"  with  the  alcohol  sorbents  described  above,  instead  of 
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being  purged  to  the  atmosphere  after  a test.  Current-generation 
quantitative  evidential  IR  analyzers  allow  such  sample  retention 
by  integral  or  accessory  means. 

Solid  State  (Semiconductor)  Sensing 

In  practice,  solid  state  sensing  devices  are  limited  to  those  using 
a Taguchi  sensor  as  the  alcohol  detector.  A Taguchi  semiconduc- 
tor gas-detecting  device  was  patented  in  the  United  States  in  1973. 
The  same  sensing  element  has  since  been  used  in  portable  elec- 
tronic breath-alcohol  testers  for  screening  or  prearrest  testing 
purposes  and  recently  also  in  some  evidential  analyzers.  The  basic 
Taguchi  sensor  is  a small,  porous,  stannic  oxide  semiconductor 
element.  Its  electrical  conductivity  increases  in  proportion  to  the 
alcohol  concentration  of  vapor  specimens  to  which  it  is  exposed, 
as  a consequence  of  reversible  surface  adsorption  of  the  gas  or 
vapor  molecules.  Noble-metal  electrodes  and  heating  elements  are 
contained  in  the  sensor  element,  and  electronic  circuitry  is  used 
to  "condition"  and  control  the  detector  and  to  convert  the  conduc- 
tance changes  into  DC  voltages  that  activate  lamp  signals  or  that 
produce  digital  readouts  indicative  of  the  breath-alcohol  concen- 
tration (Figure  4). 

The  very  property  that  caused  the  Taguchi  sensor  to  be  devel- 
oped as  a practical  gas-detecting  device,  namely  near-universal 
response  to  combustible  gases  and  vapors,  makes  it  a nonspecific, 
nonselective  alcohol  detector.  Electronic  "gating"  of  the  voltage- 
versus-time  course  of  the  Taguchi  sensor  response  could  provide 
adequate  selectivity  for  ethanol,  based  on  the  significantly  differ- 
ent initial  slopes  of  the  voltage/time  response  for  different  volatile 
substances  (Dubowski  1976);  however,  this  principle  has  not  found 
commercial  application.  Breath  specimens  are  altered  in  the  course 
of  analysis  by  Taguchi  sensor-based  devices,  and  collection  of  the 
analyzed  sample  for  later  remote  analysis  is  not  feasible.  Turn- 
around time  for  an  analysis  is  about  2 to  3 minutes. 

Test  Result  Indication 

Breath-alcohol  analyzers  employ  three  kinds  of  result  indicators: 
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Figure  4.  Schematic  diagram  of  the  A.L.E.R.T.  breath-alcohol 
analyzer. 


analog  result  scales  and  pointers,  digital  readouts,  and  variously 
colored  lights  (e.g.,  green,  yellow,  red)  representing  particular 
BrACs.  The  first  two  indicators  are  used  in  quantitative  evidential 
analyzers,  the  last  in  screening-test  devices.  The  automated  evi- 
dential devices  also  include  printers  that  record  the  indicated 
alcohol  concentration,  usually  with  other  identifying  information, 
such  as  the  make,  model,  and  serial  number  of  the  analyzer;  date 
and  time  of  test(s);  location  of  the  device;  and  so  forth. 

In  North  America,  quantitative  evidential  analyzers  are  uni- 
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versally  calibrated  in  units  of  grams  of  alcohol  per  210  liters  of 
breath  (or  other  gas  /vapor).  The  readout,  however,  may  display 
either  the  actual  gas /vapor-alcohol  concentration  (e.g.,  BrAC  = 
0.12  g/210  L),  or  the  supposedly  corresponding  equivalent  blood- 
alcohol  concentration  in  weight/ volume  percent  BAC  (e.g.,  BAC 
= 0.12  percent  w/v).  The  latter  BAC  concentration  unit,  percent 
w/v,  corresponds  to  grams  per  100  mL  of  blood.  In  reporting 
BrACs  and  BACs,  the  convention  for  law  enforcement  applica- 
tions is  to  'Truncate,"  that  is,  to  drop  entirely  the  third  decimal 
place  and  report  only  the  first  two  places.  Thus,  a result  of  0.127  g/ 
210  L BrAC  or  0.127  percent  w/v  BAC  is  reported  as  0.12  g/210  L 
or  0.12  percent  w/v,  respectively.  The  automated  instruments  all 
have  switchable  two-  and  three-place  displays,  the  latter  for  use 
in  calibration  and  servicing. 

The  apparent  ratio  of  2,100/ 1 for  the  functional  blood/breath 
alcohol  concentrations  implied  by  these  calibrating  and  reporting 
conventions  has  been  the  subject  of  a long-standing  and  often 
highly  spirited  debate  (Mason  and  Dubowski  1974, 1976;  Dubow- 
ski  1986;  Jones  1987;  Wigmore  and  Robinson  1990).  Mason  and 
Dubowski  have  recommended  that  the  results  of  analyses  for 
alcohol  in  breath  be  reported  in  terms  of  the  actual,  measured 
breath- alcohol  concentration,  rather  than  the  supposedly  equiva- 
lent blood- alcohol  concentration.  The  latter  practice  relies  on  an 
assumed  equivalence  or  conversion  factor  which  is  neither  the 
mean  value  of  the  blood  /breath  alcohol  concentration  ratio  for  the 
population  at  large,  nor  is  it  known  to  apply  to  the  tested  subject 
to  the  requisite  degree  of  certainty  for  criminal  and  quasi-criminal 
judicial  proceeding  (i.e.,  beyond  reasonable  doubt).  The  foregoing 
direct  BrAC  reporting  recommendation  was  adopted  by  the  Na- 
tional Safety  Council  Committee  on  Alcohol  and  Other  Drugs  in 
1975  (National  Safety  Council  1986).  It  has  been  incorporated  into 
the  Uniform  Vehicle  Code  (National  Committee  1987)  and  the 
laws  of  many  States  and  the  District  of  Columbia,  as  well  as 
current  Federal  regulations  pertaining  to  commercial  motor  ve- 
hicle operation  (Federal  Highway  Administration  1988)  and  to 
other  safety-related  workplace  fitness  matters. 
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Screening  Tests  for  Breath  Alcohol 

It  has  been  evident  since  the  earliest  routine  use  of  breath-alcohol 
testing  in  traffic  law  enforcement  that  it  would  be  useful  to  have 
available  an  immediate  indication  of  the  test  subject's  BrAC  at  the 
place  and  time  of  initial  driver  contact,  rather  than  at  some  later 
time,  in  order  to  assist  police  decision-making  in  the  field.  Two 
of  the  first-generation  breath-alcohol  devices  (the  Drunkometer 
and  the  Portable  Intoximeter)  had  provisions  for  performing  a 
simple,  crude,  but  effective  and  immediate  "field  test"  on 
a portion  of  a balloon-collected  mixed-expired  breath  specimen 
by  means  of  a color-change  chemical  reaction.  Because  screening 
tests  do  not  possess  the  validity  necessary  for  evidential  use,  they 
are  now  used  primarily  for  prearrest  or  field  sobriety  testing  and 
for  other  nonevidentiary  applications,  such  as  intake  testing  at 
alcoholism  treatment  units. 

To  be  practical  for  law  enforcement  applications,  screening 
tests  must  be  simply  and  rapidly  performed  with  minimal  training. 
The  equipment  must  be  self-contained,  inexpensive  enough  for 
wide  distribution  to  police  patrol  vehicles  and  other  points  of  use, 
and  capable  of  effective  use  in  dark  environments,  such  as  the  road- 
side at  night.  These  requirements,  and  the  major  shortcoming  of 
the  original  length-of-stain  single-use  disposable  breath-alcohol 
testers  developed  for  such  applications  more  than  40  years  ago 
(Dubowski  1980b),  led  to  the  development  of  self-contained,  hand 
held,  battery-operated  instruments  for  breath-alcohol  screening 
tests.  Most  were  short  lived.  Those  currently  still  in  production 
use  Taguchi  semiconductors  or  fuel  cells.  Breath  is  sampled  via 
byflow  arrangements  during  an  exhalation  past  an  intake  port  or 
through  the  test  chamber.  The  electrical  signal  generated  by  the 
presence  of  alcohol  is  amplified  and  displayed  by  colored  lights 
at  adjustable  preset  BrACs  (e.g.,  green  for  negative  or  low  results, 
yellow  for  0.05  g/210  L to  0.09  g/210  L,  and  red  for  0.10  g/210  L 
or  higher  concentrations),  or  by  digital  readouts. 

Portable  screening-test  instruments  also  have  some  obvious 
clinical  uses,  for  example,  in  trauma  center  settings,  and  will  likely 
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find  additional  applications  in  small-scale,  random,  and  postac- 
cident testing  for  alcohol  use  in  the  workplace. 

Breath- Alcohol  Simulators 

Breath-alcohol  simulators  are  devices  for  the  preparation  and 
delivery  of  vapor  specimens  of  known  alcohol  concentration, 
prepared  by  equilibrating  a flowing  gas  such  as  air  with  an 
aqueous  alcohol  solution  of  known  concentration,  at  a fixed  tem- 
perature. The  resultant  vapor  effluent  has  a predictable  and 
controllable  alcohol  concentration.  As  the  name  implies,  simu- 
lators were  originally  developed  to  provide  surrogate  specimens 
as  training  aids  for  alcohol  analysts.  However,  they  are  now  also 
widely  used  as  calibrating  devices  for  breath-alcohol  analyzers, 
and  to  produce  control  samples  to  check  the  proper  functioning 
of  such  instruments. 

Early  commercial  simulators  had  various  shortcomings  that 
limited  their  usefulness  as  calibrating  and  control  devices,  al- 
though the  defects  could  be  largely  overcome  by  employing  two 
matched  simulators  in  tandem  (Dubowski  1979).  Simulators  have 
two  major  advantages  compared  to  other  means  of  producing 
gases  or  vapors  of  known  alcohol  concentration:  (1)  they  can  yield 
dynamic,  flowing  specimens  rather  than  static  samples  of  fixed 
volume;  and  (2)  they  can  generate  an  infinite  number  of  desired 
concentrations  of  vapor  alcohol  by  simply  varying  the  alcohol 
concentration  of  the  aqueous  solution. 

Most  of  the  suggestions  made  by  Dubowski  in  1979  for  im- 
proving commercial  simulators  have  now  been  adopted  and 
implemented  by  manufacturers.  Accordingly,  a recent  evaluation 
of  current  generation  breath-alcohol  simulators  led  to  the  conclu- 
sion that  "design  improvements  in  simulators  have  been  made  by 
manufacturers  and  that  performance... is  now  satisfactory.  They 
are  now  suitable  for  use  in  calibration  and  in  control  tests  of  breath- 
alcohol  simulators"  (Dubowski  and  Essary  1988,  p.  1263).  At  a 
vapor-alcohol  concentration  of  0.100  g/210  L,  for  example,  the 
variation  from  the  target  value  of  simulator-generated  specimens 
was  consistently  less  than  the  2-percent  systematic  error  allowable 
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under  current  U.S.  Department  of  Transportation  model  specifi- 
cations for  calibrating  devices  (vide  infra). 

Alcohol  mixtures  in  inert  gases,  such  as  argon  or  nitrogen, 
stored  under  high  pressure  in  cylinders  or  lower  pressure  in 
disposable  cans,  are  another  form  of  alcohol  standard  for  calibrat- 
ing and  control  test  purposes.  These  mixtures  are  fixed  in  com- 
position, and  different  alcohol  concentrations  require  different 
mixtures.  Both  the  compressed  gas  mixtures  and  aqueous  alcohol 
solutions  for  simulator  use  can,  and  should,  be  standardized 
against  ethanol  reference  materials  traceable  to  National  Institute 
of  Standards  and  Technology  (NIST)  ethanol  standard  reference 
materials  (SRM).  NIST's  SRM  1828  is  the  current  version  of  that 
reference  material.  It  "is  intended  primarily  for  use  in  the  cali- 
bration and  standardization  of  instruments  and  techniques  for  the 
determination  of  ethanol  (ethyl  alcohol)  in  breath  and  blood"  and 
consists  of  a set  of  three  aqueous  alcohol  solutions,  of  NIST- 
certified  composition,  approximately  95  percent,  0.3  percent,  and 
0.15  percent  alcohol  by  weight  (National  Bureau  of  Standards 
1985,  p.  1). 

Federal  Equipment  Specifications 

In  1973,  the  U.S.  Department  of  Transportation  established  man- 
datory standards  for  "evidential  breath  tests"  for  alcohol.  Federal 
funds  could  be  expended  only  for  products  and  devices  meeting 
those  standards  and  appearing  on  a "conforming  products  list" 
published  periodically  by  the  Department  in  the  Federal  Register. 
A complementary  set  of  mandatory  standards  for  calibrating 
units  for  breath-alcohol  testers  was  promulgated  by  the  Depart- 
ment in  1975.  In  December  1984,  the  "mandatory  standards"  were 
converted  into  "model  specifications"  for  both  kinds  of  devices 
(U.S.  Department  of  Transportation  1984 a,b). 

These  comprehensive  1973  and  1984  documents  established  na- 
tionwide, detailed  performance  requirements  and  methods 
for  testing  these  devices  to  determine  whether  they  met  the 
Federal  standards  (now  the  Federal  model  specifications).  Evaluation 
of  analyzers  and  calibrating  devices  submitted  by  manufac- 
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turers  for  compliance  with  the  specifications  and  for  inclusion 
on  the  conforming  products  list  is  a continuing  activity  of  the 
Transportation  Systems  Center  of  the  U.S.  Department  of 
Transportation. 

Conforming  products  lists  were  last  issued  in  1991  for 
calibrating  devices  (U.S.  Department  of  Transportation  1991a)  and 
in  1991  for  evidential  breath-alcohol  analyzers  (U.S.  Department 
of  Transportation  1991b).  Many  states  limit  breath-alcohol  testing 
for  traffic  law  enforcement  purposes  to  use  of  devices  on  the 
National  Highway  Traffic  Safety  Administration's  conforming 
products  lists,  especially  for  evidential  purposes.  Federal  stand- 
ards or  model  specifications  have  not  been  promulgated  for 
screening-test  devices  or  for  passive  alcohol  sensors. 

3.  Passive  Screening  Tests 
for  Alcohol 

Passive  sensors  constitute  the  third  kind  of  device  used  for  alcohol 
testing  in  traffic  law  enforcement.  Those  in  current  production 
use  fuel  cells  for  alcohol  detection.  These  detectors  are  small 
and  can  be  incorporated  into  a modified  police  service  flash- 
light along  with  the  requisite  electronic  controls,  visual  indicator, 
and  a small  internal  fan.  The  alcohol  detection /indication  assem- 
bly in  one  such  device  occupies  the  space  otherwise  occupied 
by  two  D-cell  batteries  in  a standard  heavy-duty  five-cell  flash- 
light. Its  appearance  is  essentially  unaltered  from  that  of  a stand- 
ard police  service  flashlight.  Air  from  the  vicinity  of  a driver's 
mouth  (at  a roadblock  or  after  a traffic  stop)  or  from  an  automo- 
bile or  truck  cab  interior  is  aspirated  through  an  air  intake  port 
on  one  side  of  the  battery  compartment  when  the  device  is 
activated  by  a thumbswitch,  which  also  controls  the  functional 
flashlight  part  of  the  device.  Results  are  indicated  by  a light 
display  with  green-yellow-red  bars  located  on  the  opposite  side 
of  the  flashlight  body,  visible  only  to  the  tester. 
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The  early  experience  with  prototypes  of  such  devices  at  "sobri- 
ety checkpoints"  and  in  other  field  applications  was  that  alcohol 
presence  was  readily  detected  by  trained  police  officers;  moreover, 
police  officers  using  passive  sensors  were  better  able  to  discrimi- 
nate between  unimpaired  drivers  and  drivers  who  were  probably 
alcohol-impaired  than  were  those  officers  using  typical  noninstru- 
mental screening  procedures  (Voas  1983;  U.S.  Department  of 
Transportation  1985b). 

The  alcohol  in  expired  breath  is  immediately  diffused  into  the 
air  near  the  test  subject's  mouth,  and  massive  and  progressive 
dilution  of  the  initial  expired  air-alcohol  concentration  occurs 
rapidly.  The  effect  is  at  least  exponential,  and  is  clearly  distance- 
and  time-related.  In  one  device,  therefore,  a passive  alcohol  sensor 
is  combined  with  an  ultrasonic  distance  sensor  in  an  attempt  to 
control  the  distance  from  the  subject  for  results  supposedly  re- 
flective of  the  subject's  BrAC.  A limited  evaluation  of  that  scheme 
has  appeared  (Lestina  and  Lund  1989).  These  authors  compared 
the  laboratory  performance  of  NPAS  and  PBA  passive  sensors, 
both  of  which  use  fuel-cell  alcohol  sensors.  Statistical  predictions 
of  expectable  rates  of  false-positive  (F-P)  and  false-negative 
(F-N)  results  were  made  from  linear  regression  analysis  of  the 
passive  sensor  results  at  several  alcohol  concentrations  and 
distances.  At  a subject  distance  of  5 inches,  using  a two  yellow- 
lights  threshold  for  the  NPAS  device  and  a 0.05  percent  "BAC" 
threshold  for  the  PBA  device,  the  following  F-P  and  F-N  rates 
were  predicted  at  four  alcohol  concentrations  (Table  4).  Results 
at  greater  distances  were  generally  worse. 


Table  4.  Prediction  of  False-Positive  and  False- Negative  Rates  at  Four 
Alcohol  Concentrations 

Percent  False-Positives  Percent  Faise-Negatives 
Expected  at  BAC  of  Expected  at  BAC  of 

Device  0.02%  0.05%  0.10%  0.15% 

NPAS  8 20  46  13 

PBA  7 24  29  2 
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4 


Automobile  Alcohol 
Interlocks 


For  several  decades,  periodic  proposals  have  been  made  for  cou- 
pling so-called  interlocks  to  the  ignition  or  other  key  operating 
components  of  automobiles  to  prevent  unfit  drivers  from  operat- 
ing these  vehicles.  Two  different  kinds  of  interlock  devices  have 
been  proposed:  performance-based  devices  and  breath-alcohol- 
based  devices. 

Because  of  the  inherent  limitations  of  performance-based 
interlocks,  a more  recent  approach  has  been  to  devise  interlocks 
that  rely  on  the  breath-alcohol  concentration  as  the  criterion  for 
allowing  motor  vehicle  starting  and  operation.  A variety  of 
safeguards  have  been  tried  to  prevent  or  at  least  minimize  circum- 
vention or  defeat  of  such  interlocks.  Temperature  measurement 
or  pressure  sensing  of  the  incoming  air  sample  to  authenticate 
it  as  breath,  seat  weight  sensors,  and  so  forth,  have  been  either 
proposed  or  used  to  prevent  circumvention.  Three  commercial 
"in-vehicle  alcohol  test"  (I VAT)  devices  were  evaluated  by  the 
U.S.  Department  of  Transportation  (DOT)  for  accuracy  of  alcohol 
measurement  and  effectiveness  of  the  strategies  for  preventing 
circumvention  of  the  interlocks.  The  DOT  conclusions  were  that: 
(1)  the  tested  devices,  in  general,  consistently  identified  persons 
with  BACs  of  0.04  percent  w/v  or  higher  and  would  have  pre- 
vented their  starting  the  vehicle;  and  (2)  a motivated  individual, 
with  preplanning  and  some  knowledge,  can  circumvent  the  de- 
vices tested  (U.S.  Department  of  Transportation  1988a). 

The  Federal  Highway  Safety  Act  of  1987  (P.L.  100-17,  Section 
203)  required  the  Secretary  of  Transportation  to  "report  to  Con- 
gress on  the  effectiveness  and  the  potential  for  application  of  the 
technology  and  devices..."  that  prohibit  the  operation  of  motor 
vehicles  by  intoxicated  individuals.  That  report  was  rendered  in 
May  1988  and  concludes  that  "the  technology  is  feasible  but  there 
is  not  yet  sufficient  evidence  available  to  judge  the  effectiveness  of 
the  devices  in  deterring  alcohol  impaired  driving"  (U.S.  Depart- 
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merit  of  Transportation  1988b,  p.  i).  Other  matters  that  remain  to  be 
established  include:  (1)  the  requirements  for  initial  calibration, 
recalibration,  service  and  periodic  maintenance  and  validation  of 
interlocks  in  field  use;  and  (2)  the  legal  issues,  problems,  and 
appellate  case  law  that  will  arise  and  become  controlling. 

Information  is  not  currently  available  in  the  literature  on  how 
frequently  and  consistently  such  interlock  or  I VAT  devices  cor- 
rectly identify  and  control  alcohol-involved  persons  at  and  above 
established  BrAC  thresholds.  Of  equal  importance,  and  also  not 
yet  available,  is  information  on  the  correct  /incorrect  responses  of 
the  devices  to  sober  and  unimpaired  drivers. 

5.  Conclusions 


Breath-alcohol  testing  in  traffic  law  enforcement  has  made  remark- 
able progress  in  the  half  century  since  its  introduction.  With  few 
exceptions,  the  quantitative  evidential  test  devices  in  current  use 
are  more  than  sufficiently  accurate,  precise,  and  specific  for  their 
intended  use,  even  by  the  evidentiary  standards  applicable  to 
criminal  and  quasi-criminal  litigation.  In  order  of  their  reliability 
and  the  validity  of  their  functions,  the  devices  are:  (1)  quantitative 
evidential  breath-alcohol  analyzers;  (2)  screening  or  prearrest  breath- 
alcohol  testers;  (3)  passive  breath-alcohol  detectors;  and  (4)  alco- 
hol-sensing automobile  ignition  interlocks.  Of  these  different 
categories  of  devices,  only  the  last  has  not  yet  established  its  utility 
and  practicability  in  the  promotion  of  safe  driving. 

6.  Glossary 

Accuracy  — In  absolute  terms,  identical  correspondence  of  a 
measured  value  with  the  true  value  of  the  measured  item.  In 
practice,  the  degree  of  agreement  of  a measured  value  with  the 
true  value. 

Alcohol  — As  used  herein,  ethanol  or  ethyl  alcohol:  the  grain 
alcohol  in  alcoholic  beverages. 


Technology  of  Breath-Alcohol  Analysis  29 


Alcohol  Concentration  Units  — The  various  units  employed  to 
express  the  quantity  of  alcohol  present  in  a stated  quantity  of 
specimen,  usually  in  the  form  of  a ratio.  For  blood-alcohol  con- 
centration, percent  w/v  is  numerically  identical  to  g/ dL,  and 
g/ dL  x 10,000  = milligrams  per  Liter  (mg/L).  For  breath-alcohol 
concentration,  milligrams  per  Liter  (mg/L)  x 0.21  = g/210  L. 

Alveolar  Air  — Also  called  Expired  Alveolar  Air;  breath  from  the 
terminal  air  cells  (alveoli)  of  the  lungs,  the  innermost  terminals 
of  the  respiratory  tract. 

Automobile  Interlock  — A device  to  prevent  the  starting  of  an 
automobile  engine  by  a person  whose  breath  contains  alcohol 
above  an  established  threshold  concentration.  It  requires 
provision  of  a breath  sample  by  the  driver. 

Blood-Alcohol  Concentration  — Analytically,  the  mass  of  alcohol 
per  unit  volume  of  blood.  In  common  practice,  the  alcohol 
content  of  blood,  typically  stated  in  terms  of  grams  of  ethanol 
perdeciLiter  of  blood  (g/dL)  or  comparable  units  of  concentra- 
tion. 

Breath- Alcohol  Concentration — Analytically,  the  mass  of  alcohol 
per  unit  volume  of  breath.  In  common  practice,  the  alcohol 
content  of  breath,  typically  stated  in  terms  of  grams  of  ethanol 
per  210  Liters  of  breath  (g/210  L)  or  comparable  units  of 
concentration. 

Breath  Parameters  — A set  of  functional  characteristics  of  breath 
specimens,  including  such  variables  as  breath  pressure,  vol- 
ume, temperature,  and  flow  rate,  under  specified  conditions. 

Coefficient  of  Variation  — A statistical  measure  of  the  dispersion 
of  a set  of  individual  measurement  results  about  a central 
mean.  A low  C.V.  indicates  high  precision,  a high  C.V.  indi- 
cates imprecision. 

Control  Test  — In  analysis  practice,  a test  of  a specimen  of  known 
composition  and  closely  resembling  the  unknown  specimens 
to  be  analyzed,  used  to  ascertain  whether  the  analytical  system 
is  performing  acceptably. 

Delayed  Analysis  — Analysis  of  a breath  specimen  for  its  alcohol 
content  at  a later  time  and  a location  different  from  that  of  its 
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initial  collection,  typically  a laboratory  setting.  Also  see 

Remote  Collection. 

Deprivation  Period  — Also  called  Deprivation-Observation  Pe- 
riod; a time  interval,  typically  15-20  minutes,  immediately 
prior  to  a breath-alcohol  test,  during  which  the  person  to  be 
tested  is  observed  to  eliminate  occurrence  of  ingestion  of 
alcohol  or  other  food  or  drink,  smoking,  regurgitation  of 
stomach  contents,  or  vomiting. 

Direct  Analysis  — Analysis  of  a breath  specimen  for  its  alcohol 
content  immediately  upon  collection  by  means  of  quantitative 
evidential  analyzers  or  screening  test  devices. 

Duplicate  Analysis  — Testing  of  biological  specimens  for  alcohol 
carried  out  twice  on  separate  specimens  or  separate  specimen 
aliquots.  In  breath-alcohol  analysis,  duplicate  analysis  re- 
quires two  separate  breath  samples. 

End-expiratory  Breath  — The  terminal  portion  of  breath  collected 
during  an  uninterrupted  complete  exhalation,  used  in  breath- 
alcohol  analysis  as  the  functional  equivalent  of  expired  Alveo- 
lar Air  (q.v.). 

Endogenous  — Produced  or  originating  within  the  body  by  natu- 
ral processes,  such  as  metabolism.  Opposite  of  Exogenous 
(q.v.). 

Exogenous  — Originating  outside  the  body.  In  the  case  of  alcohol, 
reaching  the  body  by  ingestion  or  other  form  of  intake.  Oppo- 
site of  Endogenous  (q.v.). 

Fuel  Cell  — A device  that  produces  direct  electrical  current  from 
catalytic  oxidation  of  a fuel  with  air  or  oxygen.  In  alcohol 
analysis  technology,  it  serves  as  a highly  selective  sensor  for 
ethanol. 

Gas  Chromatography  — A basic  analysis  technology  used  to 
separate  and  quantitate  components  of  mixtures  of  volatile 
substances  or  materials  that  can  be  transformed  into  volatile 
derivatives. 

Impairment  — Alcoholic  influence  to  the  extent  of  the  subject's 
decreased  ability  to  perform  safely  a given  task. 

Infrared  Light  — Light  with  wavelengths  between  770  nanome- 
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ters  and  12,000  nanometers,  invisible  to  the  human  eye. 

Interf  erant  — A chemical  compound  or  substance  other  than  the 
target  analyte  (ethanol)  to  which  alcohol  analyzers  respond 
by  falsely  indicating  presence  of  "alcohol"  or  a falsely  ele- 
vated "alcohol"  concentration. 

Intoxication  — Alcoholic  influence  to  the  extent  of  the  subject's 
unfitness  to  perform  safely  a given  task. 

In  Vitro  — An  artificial  or  nonbiological  setting  or  environment 
for  a test  or  experiment;  in  contrast  to  In  Vivo  (q.v.). 

In  Vivo  — A setting  or  environment  for  a test  or  experiment 
involving  a living  organism;  in  contrast  to  In  Vitro  (q.v.). 

Mouth  Alcohol  — Presence  of  alcohol  in  the  mouth  from  sources 
other  than  expired  breath  or  saliva,  such  as  recent  alcohol 
ingestion,  eructation  of  stomach  contents,  or  vomiting.  It 
causes  contamination  of  a breath  specimen,  rendering  it 
unsuitable  for  alcohol  analysis. 

Passive  Alcohol  Sensor  — A device  for  testing  for  alcohol  in  the 
breath  or  ambient  air  immediately  adjacent  to  the  mouth  of  a 
test  subject,  without  direct  active  participation  by  the  subject 
(as  would  be  involved  in  blowing  breath  into  an  analyzer). 

Photometry  — An  umbrella  term  for  an  analysis  methodology 
that  employs  measurement  of  light  intensity  under  con- 
trolled experimental  conditions. 

Precision  — The  degree  of  mutual  agreement  characteristic  of 
independent  measurements  made  under  specified  condi- 
tions; also  called  reproducibility. 

Quality  Assurance  — An  umbrella  term  for  a program  of  activi- 
ties to  control  identifiable  and  measurable  factors  that  can 
affect  test  results,  in  order  to  ascertain  and  enhance  test 
performance  and  related  aspects,  such  as  preanalytical  con- 
ditions and  variables. 

Quantitative  Evidential  Test  — An  analysis  of  breath  for  alcohol 
for  forensic  purposes  that  includes  an  appropriate  Depriva- 
tion Period  (q.v.),  other  scientific  and  procedural  safeguards, 
an  established  analysis  protocol  and  procedure,  and  employs 
a quantitative  evidential  breath-alcohol  analyzer. 
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Remote  Collection  — Collection  of  a breath  specimen  intended 
for  subsequent  analysis  for  its  alcohol  content  at  a time  and 
location  different  from  those  of  the  sampling. 

Replicate  Analysis  — An  analysis  involving  repeated  measure- 
ments upon  the  same  specimen.  When  the  measurement  is 
performed  twice,  the  term  Duplicate  Analysis  (q.v.)  applies. 

Screening  Test  — Also  termed  Preliminary  Breath  Test  (PBT);  a 
test  for  alcohol  in  a breath  specimen  by  means  other  than 
quantitative  evidential  analysis.  It  is  usually  administered  in 
the  field  to  a subject,  without  preceding  Deprivation  Period 
(q.v.)  or  other  evidential  safeguards,  to  ascertain  presence  or 
absence  of  alcohol  in  the  subject  to  establish  or  disestablish 
probable  cause  to  make  an  arrest. 

Selectivity  — A characteristic  of  an  analysis  method  that  is  less 
than  absolute  Specificity  (q.v.),  but  represents  readier  or 
greater  response  to  the  target  analyte  than  to  other  constitu- 
ents present  in  the  specimen. 

Semiconductor  — A substance  whose  electrical  conductivity  at 
ordinary  temperatures  is  intermediate  between  that  of  a 
metal  and  that  of  an  insulator. 

Sensitivity — A characteristic  of  an  analysis  method;  functionally 
the  minimal  concentration  of  the  analyte  in  a specimen  that 
can  be  detected  within  specified  confidence  limits. 

Simulator  — A device  for  producing  known  concentrations  of 
alcohol  in  air  by  equilibration  of  alcohol  between  water  and 
air  at  controlled  temperature,  thus  simulating  alcohol- 
containing  breath  specimens. 

Software  — The  routine  or  custom-made  steps,  programs,  in- 
structions, and  sequence  directions  that  control  the  actions 
and  events  in  computers  or  computerized  devices;  in  effect, 
instructions  to  the  "hardware"  of  the  apparatus. 

Specificity  — A characteristic  of  an  analysis  method  that  in 
essence  responds  only  to  a particular  target  analyte,  such  as 
ethanol.  Response  to  other  substances  than  the  target  com- 
pound represents  nonspecificity. 

Taguchi  Sensor  — A solid-state  gas  detection  device,  adapted  as 
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a nonspecific  alcohol  sensor.  It  uses  a small  metal-oxide 
semiconductor  element,  whose  electrical  conductance  increases 
in  proportion  to  the  alcohol  concentration  of  vapor  specimens 
to  which  it  is  exposed. 

Truncation — The  convention,  in  reporting  alcohol  concentrations 
of  biological  specimens  for  forensic  purposes,  of  omitting 
analysis  result  figures  beyond  the  second  decimal;  thus,  a 
breath-alcohol  concentration  of  0.126  g/210  L is  reported  as 
0.12  g/210  L. 

Wavelength  — A property  of  radiant  energy  forms,  such  as  infra- 
red light.  In  practice,  it  identifies  the  point(s)  in  the  relevant 
portion  of  the  energy  spectrum  at  which  such  energy  is  maxi- 
mally absorbed  by  molecules  of  a target  compound,  such  as 
ethanol;  and  thus  serves  as  a criterion  for  identifying  the 
analyte  under  examination. 
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